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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a driving circuit of an active 
matrix type semiconductor display device. The present invention also 
relates to the semiconductor display device having the driving circuit. 

2. Description of the Related Art 

In recent years, a technique for manufacturing a 
semiconductor device having a semiconductor thin film formed on an 
inexpensive glass substrate, such as a thin film transistor (TFT), has 
been rapidly developed. The reason is that the demand for an active 
matrix type semiconductor display device (especially an active matrix 
type liquid crystal display device) has been increased. 

In the active matrix type liquid crystal display device, a TFT is 
disposed for each of several tens to millions of pixels arranged in 
matrix, and an electrical charge going in and out each pixel electrode 
is controlled by a switching function of the TFT. 

Especially, with the improvement of a display device in 
resolution and picture quality, attention comes to be paid to an active 
matrix type liquid crystal display device having a digital driving 
circuit which can process digital video data as it is. 

In a source signal line side driving circuit of a semiconductor 
display device including a digital driving circuit, digital video data 
supplied from the outside are sequentially held by a latch circuit or 
the like for a short time on the basis of a timing signal from a shift 
register. And after the data are converted into an analog signal 
(gradation voltage), the signal is supplied to a corresponding pixel 
TFT When the digital driving circuit is used, it becomes possible to 
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realize a so-called line -sequential driving in which pixel TFTs for one 
line are driven at the same time. 

In the digital driving circuit, on the basis of the timing signal 
from the shift register, operation timing of the latch circuit, D/A 
conversion circuit, and the like is determined. A number of circuits 
and elements each having a large load capacity are connected to a 
signal line to which the timing signal is supplied from the shift 
register. Thus, there is a case that the timing signal from the shift 
register produces "dulling" on the way. As one of countermeasures to 
this, a trial has been made in which the timing signal from the shift 
register is made to pass through a buffer circuit or the like to 

eliminate "dulling". 

If current capacity of a buffer circuit is small, the buffer 
function is meaningless. So, a buffer having a large current capacity to 
a certain degree is required. In the case where a buffer having a large 
current capacity is formed using thin film transistors, a TFT having a 
large current capacity, that is, a large channel width is required. 
However, in a TFT having a large channel width, fluctuation in 
crystallinity occurs in a component, and as a result, fluctuation in 
10 threshold voltage occurs for each TFT. Thus, it is inevitable that 
fluctuation occurs also in the characteristics of a buffer constituted by 
a plurality of TFTs. Thus, there exist buffers having fluctuation ki the 
characteristics for each signal line, and the fluctuation in the 
characteristics directly causes fluctuation in applied voltage to a pixel 
25 matrix circuit. This causes display blur (display unevenness) of the 
display device as a whole. 

Moreover, if the size (channel width) of a TFT is too large, only 
the center portion of the TFT functions as a channel, and its ends do 
not function as the channel. In this case, deterioration of the TFT is 
30 accelerated. 
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Further, when the size Of a TFT is large, self heat generation of 
the TFT becomes large, which sometimes causes change of a threshold 
value or deterioration. 

In a gate signal line side driving circuit as well, a scanning 
5 signal is sequentially supplied to a gate signal line (scanning line) on 
the basis of a timing signal from a shift register. In a digital driving 
circuit carrying out line-sequential driving, all pixel TFTs for one line 
connected to one scanning line must be driven, and a load capacity 
connected to one scanning line is large. Thus, also in the gate signal 

10 line side driving circuit, it is necessary to eliminate "dulling" by 
making the timing signal from the shift register pass through a buffer 
circuit or the like. Also in this case', since a buffer having a large 
current capacity becomes necessary, the above described problems 
come to occur. Especially, the buffer of the gate signal line must drive 

is all of the connected TFTs for one line in the pixel matrix circuit, so 
that the fluctuation in the characteristics of the buffer makes 
remarkable picture unevenness. This is one of the most serious 
problems when a display device with high fineness/high resolution is 
desired. 

20 

SUMMARY OF TTTF. INVENTION 
The present invention has been made to overcome- the 
foregoing problems, and an object thereof is to provide a 
semiconductor display device which can eliminate picture blur 
25 (display unevenness) and can obtain an excellent picture with high 
fineness/high resolution. 

According to a mode of carrying out the present invention, in a 
driving circuit of a semiconductor display device, as a TFT constituting 
a buffer circuit provided between a shift register circuit and a latch 
30 circuit of a source signal line side driving circuit, a TFT having a large 
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size (channel width) is not used, but instead thereof, a plurality of 
TFTs each having a small size and are connected in parallel with each 
other are used. Moreover, as a TFT constituting a buffer circuit 
provided between a shift register circuit and a gate signal line of a 
gate signal line side driving circuit, a TFT having a large size (channel 
width) is not used, but instead thereof, a plurality of TFTs each having 
a small size and are connected in parallel with each other are used. In 
both cases, a plurality of buffer circuits are connected in parallel with 
each other to constitute a buffer circuit portion in a driver circuit. By 
10 doing so, it is possible to reduce fluctuation in characteristics of the 
buffer circuit while securing the current capacity thereof. 

The structure of the present invention will be described 

hereinafter. 

According to one aspect of the present invention, there is 
15 provided 

a driving circuit of a semiconductor display device, comprising: a 
source signal line side driving circuit; and a gate signal line side 
driving circuit, wherein the gate signal line side driving circuit 
includes a buffer circuit which buffers a timing signal from a shift 
20 register circuit and includes a plurality of inverter circuits, and each 
of the inverter circuits is constituted by a plurality of inverters 
connected- in parallel with each other. By this, the above -object can be 
achieved. 

According to another aspect of the present invention, there is 
25 provided a driving circuit of a 'semiconductor display device, 
comprising: a source signal line side driving circuit; and a gate signal 
line side driving circuit, wherein the source signal line side driving 
circuit includes a buffer circuit which buffers a timing signal from a 
shift register circuit and includes a plurality of inverter circuits, and 
30 each of the inverter circuits is constituted by a plurality of inverters 
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connected in parallel with each" other. By this, the above object can be 
achieved. 

According to still another aspect of the present invention, there 
is provided a driving circuit of a semiconductor display device, 
comprising: a source signal line side driving circuit; and a gate signal 
line side driving circuit, wherein the source signal line side driving 
circuit includes a buffer circuit which buffers a timing signal from a 
shift register circuit and includes a plurality of inverter circuits, and 
each of the inverter circuits is constituted by a. plurality of inverters 
connected in parallel with each other, and wherein the gate signal line 
side driving circuit includes a buffer circuit which buffers a timing 
signal from a shift register circuit and includes a plurality of inverter 
circuits, and each of the inverter circuits is constituted by a plurality 
of inverters connected in parallel with each other. By this, the above 

object can be achieved. 

According to still another aspect of the present invention, there 
is provided a semiconductor display device, comprising: the driving 
circuit of the semiconductor display device according to each of the 
foregoing aspects of the present invention; and a pixel matrix circuit. 
By this, the above object can be achieved. 

BRIEF DESORTPTTON OF TWF. DRAWINGS -.- - 

In the accompanying drawings: 

Fig. 1 is a circuit block diagram of an active matrix type liquid 
crystal display device including driving circuits according to an 
embodiment of the present invention; 

Fig. 2 is a circuit diagram showing an embodiment of a digital 
video data dividing circuit used for the driving circuit of the present 
invention; 

Fig. 3 is a circuit diagram showing an embodiment of a portion 



of a source signal line side shift register circuit and a portion of a 
buffer circuit used for the driving circuit of the present invention; 

Fig. 4 is a circuit diagram showing an embodiment of an 
inverter used for the buffer circuit of the present invention; 

Fig. 5 is a circuit diagram showing an embodiment of a portion 
of a gate signal line side shift register circuit and a portion of a buffer 
circuit used for the driving circuit of the present invention; 

Fig. 6 is a circuit diagram showing an embodiment of an 
inverter used for the buffer circuit of the present invention; 

Fig. 7 is. a circuit pattern diagram showing an embodiment of 
the inverter used for the driving circuit of the present invention; 

Fig. 8 is a circuit pattern diagram showing an embodiment of 
the inverter used for the driving circuit of the present invention; 

Figs. 9A to 9D are views showing manufacturing steps of an 
active matrix type liquid crystal display device including a driving 
circuit of the present invention; 

Figs. 10A to 10P are views showing manufacturing steps of the 
active matrix type liquid crystal display device including the driving 
circuit of the present invention; 

Figs. 11A to 11C are views showing manufacturing steps of the 
active nJtrix type liquid crystal display device including the driving 
circuit of t-he present invention; — 

Fig. 12 is a view showing the active matrix type liquid crystal 
display device including the driving circuit of the present invention; 

Fig. 13 is a view showing the outer appearance of an active 
matrix ty^pe liquid crystal display device including a driving circuit of 

the present invention; 

Fig. 14 is a view showing a TEM photograph of CGS; 

Fig. 15 is a view showing a TEM photograph of a conventional 
high temperature polysilicon; 
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Figs. 16A and 16B are views showing electron beam diffraction 
patterns of CGS and conventional high temperature poiysilicon; 

Fi*s. 17A and 17B are views showing TEM photographs of CGS 
and conventional high temperature poiysilicon; and 

Figs. 18A and 18B are views showing semiconductor devices 
each including a semiconductor display device having a driving circuit 
of the present invention. 

DETAILED DESCRIPTION OF THE PREF ERRED EMBODIMENTS 
A driving circuit of a semiconductor display device and the 
semiconductor display device according to the present invention will 
be described below in detail in accordance with the following 
embodiments. However, the following embodiments are merely some 
embodiments of the present invention, and the driving circuit of the 
semiconductor display device and the semiconductor device according 
to the present invention are not limited thereto. 



[Embodiment 1] 

In this embodiment, as an example in which a driving circuit of 
a semiconductor display device of the present invention is used, an 
active matrix type liquid crystal display device in which the number 
of pixels is 1920 x 1080 in horizontal and vertical will be- described. 

Reference will be made to Fig. 1. Fig. 1 is a block diagram of a 
main portion of an active matrix type liquid crystal display device of 
this embodiment. The active matrix type liquid crystal display device 
of this embodiment includes a source signal line side driving circuit A 
101, a source signal line side driving circuit B 111, a gate signal line 
side driving circuit A 112, a gate signal line side driving circuit B 115, 
a pixel matrix circuit 116, and a digital video data dividing circuit 

30 110. 
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The source signal line sfde driving circuit A 101 includes a shift 
register circuit 102, a buffer circuit 103, a latch circuit (1) 104, a latch 
circuit (2) 105, a selector circuit (1) 106, a level shifter circuit 107, a 
D/A conversion circuit 108, and a selector circuit (2) 109. The source 
signal line side driving circuit A 101 supplies a picture signal 
(gradation voltage signal) to an odd-numbered source signal line. 

The operation of the source signal line side driving circuit A 
101 will be described. A start pulse and a clock signal are inputted to 
the shift register circuit 102. The shift register circuit 102 
sequentially supplies a timing signal to the buffer circuit 103 based 
on the start pulse and the clock signal. Although described later, the 
shift register circuit 102 is constituted by a plurality of clocked 
inverters. 

The timing signal from the shift register circuit 102 is buffered 
by the buffer circuit 103. A number of circuits or components are 
connected between the shift register circuit 102 and a source signal 
line connected to the pixel matrix circuit 116, so that the load capacity 
is large. In order to prevent "dulling" of the timing signal generated 
since the load capacity is large, this buffer circuit 103 is provided. 

The timing signal buffered by the buffer circuit 103 is supplied 
to the latch circuit (1) 104. The latch circuit (1) 104 includes 960 latch 
circuits each processing 4-bit data. When the timing signal is .-inputted 
in the latch circuit (1) 104, a digital signal supplied from the digital 
video data dividing circuit 110 is sequentially taken in and is held by 

the latch circuit. 

A time up to the end of writing of digital signals into all latch 
circuits of the latch circuit (1) 104 is called "one line period". That is, 
one line period is a time interval from a time point when writing of 
distal video data from the digital video data dividing circuit is started 
for the leftmost latch circuit in the latch circuit (1) 104 to a time point 
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when writing of digital video data is ended for the rightmost latch 
circuit (1). 

After the writing of the digital signals into the latch circuit (1) 
104 is ended, when a latch pulse is flown through a latch pulse line 
connected to the latch circuit (2) 105 synchronously with the 
operation timing of the shift register circuit 102, the digital signals 
written in the latch circuit (1) 104 are transmitted to the latch circuit 
(2) 105 at the same time and are written. 

In the latch circuit (1) 104 which completes transmission of the 
digital video data to the latch circuit (2) 105, writing of digital video 
data supplied from the digital video data dividing circuit is 
sequentially carried out again by the timing signal from the shift 

register circuit 102. 

During this second one line period, the digital video data 
transmitted to the latch circuit (2) synchronously with the start of the 
second one line period are sequentially selected by the selector circuit 
(1) 106. The details of the selector circuit are disclosed in Japanese 
Patent Application No. Hei 9-286098 filed on October 1, 1997 by the 
present assignee, which may be referred to. The entire disclosure of 
the Japanese Patent Application No. Hei 9-286098 including 
specification, claims, drawings and summary are incorporated herein 
by reference in its entirety. 

Four-Bit digital video data are supplied to the level shifter 
circuit 107 from the latch circuit selected by the selector circuit. The 
voltage level of the digital video data is raised by the level shifter 
circuit 107, and the data are supplied to the D/A conversion circuit 
108. The details of the D/A conversion circuit are disclosed in 
Japanese Patent Applications Nos. Hei 9-344,351 filed on November 
27, 1997 and Hei 9-365054 filed on December 19, 1997 by the 
present assignee, which may be referred to. The entire disclosures of 



10 



15 



20 



25 



30 



the above Japanese Patent "Applications including specifications, 
claims, drawings and summaries are incorporated herein by 
references in their entirety. 

The D/A conversion circuit 108 converts the 4-bit digital video 
data into an analog signal (gradation voltage), which is sequentially 
supplied to a source signal line selected by the selector circuit (2) 109. 
The analog signal supplied to the source signal line is supplied to a 
source region of a pixel TFT of the pixel matrix circuit 116 connected 
to the source signal line. 

In the .gate signal line side driving circuit A 112, a timing 
signal from a shift register 113 is supplied to a buffer circuit 114, and 
is supplied to a corresponding gate signal line (scanning line). Gate 
electrodes of pixel TFTs for one line are connected to the gate signal 
line, and all pixel TFTs for one line must be turned ON at the same 
time, so that the buffer circuit 114 having a large current capacity is 
used. 

In this way, switching of the corresponding TFT is carried out 
by the scanning signal from the gate signal line side shift register, and 
the analog signal (gradation voltage) from the source signal line side 
driving circuit is supplied to the pixel TFT so that liquid crystal 
molecules are driven. 

Reference numeral 111 denotes the source signal tine- side 
driving circuit B, and its structure is the same as the source signal line 
side driving circuit A 101. The source signal line side driving circuit B 
111 supplies a picture signal to an even-numbered source signal line. 

Reference numeral 110 denotes the digital video data dividing 
circuit. The digital video data dividing circuit 110 is a circuit for 
decreasing the frequency of digital video data inputted from the 
outside to a factor of 1/m. By dividing the digital video data, the 
frequency of a signal necessary for the operation of the driving circuit 
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can also be decreased to a factor of 1/m. 

Here, the digital video data dividing circuit 110 of this 
embodiment will be described in brief with reference to Fig. 2. 
Incidentally, Japanese Patent Application No. Hei 9-356238 filed on 
December 8, 1997 by the same assignee discloses that the digital 
video dividing circuit is integrally formed on the same substrate as 
the pixel matrix circuit and other driving circuits. The above patent 
application discloses the details of the operation of the digital video 
data dividing circuit, and may be referred to for understanding of the 
operation of the digital video data dividing circuit of this embodiment. 
The entire disclosure of Japanese Patent Application No. Hei 9-356238 
including specification, claims, drawings and summary are 
incorporated herein by reference in its entirety. 

In Fig. 2, reference numeral 201 denotes a synchronous 
counter, and a clock signal (ck) and a reset pulse (reset) are inputted. 
In this embodiment, digital video data of 80 MHz supplied from the 
outside is divided into 8 pieces, so that digital video data of 10 MHz 
are produced. Thus, sixteen D flip-flops 202 are connected as shown in 
Fig. 2. The digital video data of 10 MHz produced by the digital video 
data dividing circuit 110 are supplied to the latch circuit (1) 104 as 
described above. 

Reference will be made to Fig. 1 again, and the operation -of the 
gate signal line side driving circuit will be described. Reference 
numeral 112 denotes the gate signal line side driving circuit A. The 
gate signal line side driving circuit A 112 includes the shift register 
circuit 113 and the buffer circuit 114. The shift register circuit 113 
supplies a timing signal to the buffer circuit 114. The buffer circuit 
114 buffers the timing signal from the shift register circuit 113, and 
supplies it to the gate signal line (scanning line). 

Reference numeral 115 denotes the gate signal line side 
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driving circuit B, and has the same structure as the gate signal line 
side driving circuit A 112. In this embodiment, the gate signal line 
side driving circuits are provided in this way at both ends of the pixel 
matrix circuit 116, and both the gate signal line side driving circuits 
5 are operated, so that this embodiment can deal with even in the case 
where one does not operate. 

The pixel matrix circuit 116 has such a structure that pixel 
TFTs, the number of which is 1920 x 1080 in horizontal and vertical, 
are arranged in matrix. 

10 One screen (one frame) is formed by repeating the foregoing 

operation by the number of the scanning lines. In the, active matrix 
type liquid crystal display device of this embodiment, updating of 
pictures of 60 frames per second are carried out. 

Here, a circuit diagram of a part (uppermost part) the shift 

15 register circuit 102 and the buffer circuit 103 of this embodiment will 
be shown in Fig. 3. Fig. 3 shows a flip-flop (FF) circuit 102' 
constituting the shift register circuit 102 and one portion of the buffer 
circuit 103' constituting the buffer circuit 103. 

In this embodiment, the shift register circuit 102 is constituted 

20 by 240 such flip-flop circuits 102'. The flip-flop circuit 102' includes 
clocked inverters 301 to 304. Reference character ck denotes a clock 
signal. Reference character LR denotes a scanning direction changing 
signal. When the signal LR is high, a start pulse (SP) is supplied to the 
leftmost flip-flop circuit 102' of the shift register circuit 102, and the 

25 flip-flop circuit 102' transfers a signal from left to right. When the 
signal LR is low, a start pulse (SP) is supplied to the rightmost flip- 
flop circuit (not shown), and the flip-flop circuit 102' transfers a 
signal from right to left. 

Explanation will be made below on the case, as an example, 

30 where the signal LR is a high signal, that is, the flip-flop circuits of the 
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shift register circuit 102 operate from left to right. 

A start pulse (SP) is inputted into the clocked inverter 301. 
When the start pulse is inputted into the clocked inverter 301, the 
clocked inverter 301 operates synchronously with a clock signal (ck) 
and an inverted clock signal (inverted ck), and outputs an inverted 
signal of an input signal. Since the signal LR (high) is inputted in the 
clocked inverter 302, the clocked inverter 302 receives the signal 
from the clocked inverter 301, and outputs its inverted signal. The 
clocked inverter 304 receives the signal from the clocked inverter 
302, and outputs its inverted signal. Since the signal LR (high) is 
inputted in the clocked inverter 303, it does not operate. In this way, 
the flip-flop circuit 102" outputs a timing signal to a NAND circuit 305. 

The timing signal from the shift register circuit 102 (flip-flop 
circuit 102') passes through the NAND circuit 305 and is supplied to 
the one portion of the buffer circuit 103'. In this embodiment, the one 
portion of the buffer circuit 103' includes five inverters 306 to 310. 
Although the one portion of the buffer circuit 103' includes five 
inverters in this embodiment/in the present invention, the number of 
inverters is not limited to this, but may include inverters which are 
less than five or larger than five in number. 

These five inverters 306 to 310 are respectively constituted by 
TFTs with different sizes (channel widths). In this embodiment; the 
inverters 306, 307 and 308 are constituted by TFTs each having a 
channel width of 30 um. The inverters 309 and 310 are constituted by 
TFTs each having a channel width of 100 um. An optimum size 
selected through simulation or the like can be used for the size of the 
TFT constituting these inverters. Besides, the optimum size of the TFT 
can be determined according to the number of pixels of the 
semiconductor display device, or the like. 
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Here, explanation will be made using the inverter 307 as an 
example. Fig. 4 is a circuit diagram of the inverter 307. The inverter 
307 is constituted by six P-channel TFTs and six N-channel TFTs. The 
channel width of each of the TFTs is 30 urn. Incidentally, it is 
appropriate that the channel width of these TFTs is made 100 jim or 
less (preferably 90 urn or less). 

As shown in Fig. 4, the inverter 307 has such a structure that 
two inverter circuits are connected in parallel with each other, each of 
the inverter circuits being constituted by a circuit in which three P- 
channel TFTs are connected in series with each other (triple gate TFTs 
are used in the circuit) and by a circuit in which three N-channel TFTs 
are connected in series with each other (triple gate TFTs are used in 
the circuit). Like this, when plural lines of TFTs each having a small 
channel width (30 jxm in this embodiment) are combined, as 
compared with the case where an inverter is constituted by TFTs each 
having a large channel width, fluctuation in the TFTs can be 
eliminated. Moreover, heat generation and deterioration due to the 
large channel width can be prevented. 

Next, reference will be made to Fig. 5. Fig. 5 is a circuit diagram 
showing a part (uppermost portion) of the shift register circuit 113 
and the buffer circuit 114 of the gate signal line side driving circuit A 
112 of this embodiment, and shows a flip-flop circuit 113' constituting 
the shift register circuit 113 and a portion of the buffer circuit 114' 
constituting the buffer circuit 114. 

In this embodiment, the shift register circuit 113 is constituted 
by 1080 such flip-flop circuits 113'. The flip-flop circuit 113' includes 
clocked inverters 501 to 504. Reference character ck denotes a clock 
signal. Reference character LR denotes a scanning direction changing 
signal, and when the signal LR is high, a start pulse (SP) is supplied to 



14 



the leftmost flip-flop circuit 113' of the shift register circuit 113, and 
when the signal LR is low, the start pulse (SP) is supplied to the 
rightmost flip-flop circuit (not shown). 

Since the operation of the shift register circuit 113 is the same 
as the shift register circuit 102 of the source signal line side driving 
circuit, its explanation will be omitted. 

A timing signal from the shift register circuit 113 (flip-flop 
circuit 113') passes through a NAND circuit 505, and is supplied to the 
one portion of the buffer circuit 114'. The one portion of the buffer 
circuit 114' includes three inverters 506 to 508. In this embodiment, 
although the one portion of the buffer circuit 114* includes three 
inverters, in the present invention, the number of inverters is not 
limited to this, but may include inverters which are less than three or 
larger than three in number. 

These three inverters 506 to 508 are constituted by TFTs each 
having a channel width of 90 um. An optimum size selected through 
simulation or the like can be used for the size of the TFT constituting 
these inverters. Besides, the optimum size of the TFT can be 
determined according to the number of pixels of the semiconductor 
display device, or the like. 

Fig. 6 is a circuit diagram of the inverter 508. The inverter 508 
is constituted by eight P-channel TFTs and eight N-channel TFTs". The 
channel width of each of the TFTs is 90 um. It is appropriate that the 
channel width of these TFTs is 100 um or less (preferably 90 um or 
less). 

As shown in Fig. 6, two circuits are connected in parallel with 
each other, each circuit being constituted by two P-channel TFTs 
connected in series with each other (actually, double gate TFTs are 
used). Moreover, two circuits are connected in parallel with each 
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other, each circuit being constituted by two N-channel TFTs connected 
in series with each other (actually, double gate TFTs are used). The 
inverter 508 is constituted by these circuits. Like this, when a 
plurality of TFTs each having a small channel width are combined, as 
compared with the case where an inverter is constituted by TFTs each 
having a large channel width, fluctuation in the TFTs can be 
eliminated and current capacity can be secured. Moreover, heat 
generation and deterioration due to the large channel width can be 
prevented. 

Fig. 7 is. a circuit pattern diagram of the inverter 307 shown in 
Fig. 4. In Fig. 7, reference numerals 701 and 702 denote 
semiconductor active layers added with N-type impurities. Reference 
numerals 703 and 704 denote semiconductor active layers added with 
P-type impurities. Reference numeral 705 denotes a gate electrode 
wiring line and Al (aluminum) including Sc (scandium) of 2 wt% is 
used in this embodiment. Reference numerals 708 to 711 denote 
second wiring lines and Al is used in this embodiment. Reference 
numeral 712 denotes a wiring line existing in the same layer as the 
gate electrode wiring line. A blackened portion typically denoted by 
713 is a portion where the gate electrode is connected to the second 
wiring line, or the semiconductor active layer is connected to the 

second wfring line. 

Reference numeral 706 denotes a GND, 707 denotes a VddH 
(power source), 712 denotes an OUT (output), and 714 denotes an IN 
(input). 

In the drawing, it is assumed that wiring lines with the same 
pattern exist in the same wiring line layer. A portion indicated by a 
broken line in the drawing shows the shape of a lower wiring line 
concealed by an upper wiring line. 

In the inverter 307 shown in Fig. 7, although three P-channel 
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TFTs and three N-channef TFTs are formed on ' the same 
semiconductor layer, it is also possible to adopt such a structure that 
three independent P-channel TFTs and three independent N-channel 
TFTs are formed on independent semiconductor layers, and are 
connected to each other by metal wiring or the like through contacts. 
However, the structure of this embodiment is preferable since the 
area of the inverter 307 can be made smaller. 

Next, reference will be made to Fig. 8. Fig. 8 is a circuit pattern 
diagram of the inverter 508 shown in Fig. 6. In Fig. 8, in addition to 
the inverter 508, four inverters in total are shown. . 

In Fig. 8, reference numerals 801 to 808 denote semiconductor 
active layers added with P-type impurities. Reference numerals 809 
to 816 denote semiconductor active layers added with N-type 
impurities. Reference numerals 817 to 824 denote gate electrode 
wiring lines, and Al (aluminum) including Sc (scandium) of 2 wt% is 
used in this embodiment. Reference numerals 825 to 828 denote 
wiring lines existing in the same layer as the gate electrode wiring 
lines. Reference numerals 829 to 835 denote second wiring lines, and 
Al is used in this embodiment. A blackened portion typically denoted 
by 836 is a portion where the gate electrode is connected to the 
second wiring line, or the semiconductor active layer is connected to 
the secon-d wiring line. r ~ 

Reference numeral 829 denotes a VddH (high voltage power 
source), 832 denotes a GND, and 833 denote a VddL (low vpltage 
power source). Incidentally, each of reference characters INI to IN4 
denote an input, and each of OUT1 to OUT4 denote an output. 

In the drawing, wiring lines with the same pattern are made of 
the same material and exist on the same wiring layer. A portion 
indicated by a broken line in the drawing shows the shape of a lower 
wiring line concealed by an upper wiring line. 
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Here, a manufacturing method of an active matrix type liquid 
crystal display device including the driving circuit of this embodiment 
will be described. Incidentally, the manufacturing method described 
below is one manufacturing method which realizes the present 
invention, and the active matrix type liquid crystal display device of 
the present invention can be realized by other manufacturing 
methods. 

Here, an example in which a plurality of TFTs are formed on a 
substrate having an insulating surface, and a pixel matrix circuit, a 
driving circuit, a logic circuit, and the like are monolithically formed, 
will be described with references to Figs. 9 to 12. In this embodiment, 
a state in which one pixel of a pixel matrix circuit and a CMOS circuit 
as a basic circuit of other circuits (driving circuit, logic circuit, etc.) are 
formed at the same time, will be shown. In this embodiment, although 
manufacturing steps will be described for the case where each of a P- 
channel TFT and an N-channel TFT includes one gate electrode, a 
CMOS circuit of TFTs each having a plurality of gate electrodes, such as 
a double gate type or a triple gate type TFT, can also be manufactured 
in the same way. 

Reference will be made to Figs. 9A to 9D. First, a quartz 
substrate 901 is prepared as a substrate having an insulating surface. 
Instead of the quartz substrate, a silicon substrate on which a? thermal 
oxidation film is formed may be used. Moreover, such a method may 
be adopted that an amorphous silicon film is temporarily formed on a 
quartz substrate and the film is completely thermally oxidized to form 
an insulating film. In addition, a quartz substrate or a ceramic 
substrate each having a silicon nitride film formed as an insulating 
film may be used. 

"" An amorphous silicon film 902 is formed on the substrate 901 
by a low pressure CVD method, a plasma CVD method, or a sputtering 
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method. Adjustment is made so that the final film thickness (film 
thickness determined after paying consideration to a film decrease 
subsequent to thermal oxidation) of the amorphous silicon film 902 
becomes 10 to 100 nm (preferably 30 to 60 nm). In the film 
formation, it is important to thoroughly manage the concentration of 

impurities in the film. 

In this embodiment, although the amorphous silicon film 902 is 
formed on the substrate 901, another semiconductor thin film may be 
used instead of the amorphous silicon film. For example, it is also 
possible to us.e a compound of silicon and germanium indicated by 

SixGei.x (0 <X <1). 

In the case of this embodiment, management is made so that 
the concentration of each of C (carbon) and N (nitrogen), which are 
impurities to block crystallization in the amorphous silicon film 902, 
becomes less than 5 x 10" atoms/cm3 (typically, 5 x 1017 atoms/cm3 
or less, preferably 2 x 10" atoms/cm^ or less), and the concentration 
of O (oxygen) becomes less than 1.5 x 1019 atoms/cm^ (typically 1 x 
1018 atoms/cm3 or less, preferably 5 x 10" atoms/cm^ or less). This 
is because if the concentration of any one of the impurities exceeds 
the above value, the impurity may have a bad influence on 
subsequent crystallization and may degrade a film quality after the 
crystallization. In the present specification, the foregoing 
concentration of the impurity element in the film is defined as a 
minimum value in measurement results of.SIMS (Secondary Ion Mass 
Spectroscopy). 

In order to obtain the above structure, it is desirable to 
periodically carry out dry cleaning of a low pressure thermal CVD 
furnace used in this embodiment so that a film growth chamber is 
made clean. It is appropriate that the dry cleaning of the film growth 
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chamber is carried out by flowing a C1F 3 (chlorine fluoride) gas of 100 
to 300 sccrn into the furnace heated up to about 200 to 400°C and by 
using fluorine produced by pyrolysis. 

According to the knowledge of the present inventors, in the 
case where the temperature in the furnace is made 300°C and the 
flow rate of the CIF 3 (chlorine fluoride) gas is made 300 seem, it is 
possible to completely remove an incrustation (including silicon as its 
main ingredient) with a thickness of about 2 um in four hours. 

The concentration of hydrogen in the amorphous silicon film 
902 is also a very important parameter, and it appears that as the 
hydrogen content is made low, a film with superior crystallinity is 
obtained. Thus, it is preferable to form the amorphous silicon film 902 
by a low pressure CVD method. A plasma CVD method may also be 
used if film forming conditions are optimized. 

It is effective to add an impurity element (element in group 
13, typically boron, or element in group 15, typically phosphorus) for 
controlling a threshold voltage (V th ) of a TFT at film formation of the 
amorphous silicon film 902. It is necessary to determine the amount 
of addition in view of V th in the case where the above impurity for 
controlling V t h is not added. 

Next, the amorphous silicon film 902 is crystallized. A 
technique" disclosed in Japanese Patent Unexamined Publication No. 
Hei 7-130652 published on May 19, 1995 (filed on October 29, 1993) 
is used as a means for crystallization. Although both means of 
embodiment 1 and embodiment 2 disclosed in the publication may be 
used, in this embodiment, it is preferable to use the technical content 
(described in detail in Japanese Patent Unexamined Publication No. 
Hei 8-78329 published on March 22, 1996, filed on September 5, 
1994) set forth in the embodiment 2 of the publication. The entire 
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disclosures of both Japanese Patent Unexamined, Publications Nos. Hei 
7-130652 and Hei 8-78329 including specification, claims, drawings 
and summary, respectively, are incorporated herein by references in 
their entirety. 

According to the technique disclosed in Japanese Patent 
Unexamined Publication No. Hei 8-78329, a mask insulating film 903 
for selecting an added region of an element for facilitating 
crystallization of the amorphous silicon film is first formed. The mask 
insulating film 903 has a plurality of openings for addition of the 
element for facilitating crystallization of the amorphous silicon film. 
Positions of crystal regions can be determined by the positions of the 
openings. 

A solution including nickel (Ni) as the element for facilitating 
crystallization of the amorphous silicon film is applied by a spin 
coating method to form a Ni including layer 904. As the element, 
cobalt (Co), iron (Fe), palladium (Pd), germanium (Ge), platinum (Pt), 
copper (Cu), gold (Au), or the like may be used other than nickel (Fig. 
9 A). 

As the foregoing adding step of the element for facilitating 
crystallization of the amorphous silicon film, an ion implantation 
method or a plasma doping method using a resist mask may also be 
used. In this case, since it becomes easy to decrease an occupied-area 
of an added region and to control a growth distance of a lateral 
growth region, the method becomes an effective technique when a 
minute circuit is formed. 

Next, after the adding step of the element is ended, 
dehydrogenating is carried out at about 500'C for 2 hours, and then, a 
heat treatment is carried out in an inert gas atmosphere, hydrogen 
atmosphere, or oxygen atmosphere at a temperature of 500 to 700°C 
(typically 550 to 650°C, preferably 570°C) for 4 to 24 hours to 
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crystallize the amorphous silicon film 902. In this embodiment, a heat 
treatment is carried out in a nitrogen atmosphere, at 570°C, and for 
1 4 hours. 

At this time, crystallization of the amorphous silicon film 902 
progresses first from nuclei produced in regions 905 and 906 added 
with nickel, and crystal regions 907 and 908 grown almost parallel to 
the surface of the substrate 901 are formed. The crystal regions 907 
and 908 are respectively referred to as a lateral growth region. Since 
respective crystals in the lateral growth region are gathered in a 
comparatively, uniform state, the lateral growth region has such an 
advantage that the total crystalli.nity is. superior (Fig. 9B). 

Incidentally, even in the case where the technique set forth in 
embodiment 1 of the above-mentioned Japanese Patent Unexamined 
Publication No. Hei 7-130652 is used, a region which can be called a 
lateral growth region is microscopically formed. However, since 
production of nuclei occurs irregularly in the surface, it is difficult to 
control crystal grain boundaries. 

After the heat treatment for crystallization is ended, the mask 
insulating film 903 is removed and patterning is carried out, so that 
island-like semiconductor layers (active layers) 909, 910, and 911 
made of the lateral growth regions 907 and 908 are formed (Fig. 9C). 

Hexe, reference numeral 909 denotes the active layer -.of tie N- 
channel TFT constituting the CMOS circuit, 910 denotes the active 
layer of the P-channel TFT constituting the CMOS circuit, and 911 
denotes the active layer of the N-channel TFT (pixel TFT) constituting 
the pixel matrix circuit. 

After the active layers 909, 910 and 911 are formed, a gate 
insulating film 912 made of an insulating film including silicon is 

formed" thereon (Fig. 9C). 

Next, as shown in Fig. 9D, a heat treatment (gettering process 
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for the element for facilitating crystallization of the amorphous silicon 
film) for removing or reducing the element for facilitating 
crystallization of the amorphous silicon film (nickel) is carried out. In 
this heat treatment, a halogen element is made contained in a 
processing atmosphere and the gettering effect for a metallic element 
by the halogen element is used. 

In order to sufficiently obtain the gettering effect by the 
halogen element, it is preferable to carry out the above heat 
treatment at a temperature exceeding 700°C. If the temperature is not 
higher than 700°C, it becomes difficult to decompose a halogen 
compound in the processing atmosphere, so that there is a fear that 
the gettering effect can not be obtained. 

Thus, in this embodiment, the heat treatment is carried out at a 
temperature exceeding 700°C, preferably 800 to 1000'C (typically 
950°C), and a processing time is made for 0.1 to 6 hours, typically 0.5 
to 1 hour. 

In this embodiment, there is shown an example in which a heat 
treatment is carried out in an oxygen atmosphere including hydrogen 
chlorine (HC1) of 0.5 to 10 vol% (in this embodiment, 3 vol%) at 950°C 
for 30 minutes. If the concentration of HQ is higher than the above- 
mentioned concentration, asperities comparable to a film thickness 
are produced on the surfaces of the active layers 909, 910 and-911. 
Thus, such a high concentration is not preferable. 

Although an example in which the HQ gas is used as a 
compound including a halogen element has been described, one kind 
or plural kinds of gases selected from compounds including halogen, 
such as typically HF, NF 3 , HBr, Cl 2 , C1F 3 , BC1 2 , F 2 , and Br 2 , may be used 
other than the HC1 gas. 

In this step, it is conceivable that nickel is removed in such a 
manner that nickel in the active layers 909, 910 and 911 is gettered 
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by the action of chlorine and is transformed into volatile nickel 
chloride which is released into the air. By this step, the concentration 
of nickel in the active layers 909, 910 and 911 is lowered down to 5 x 

lO* 7 atoms/cm 3 or less. 

Incidentally, the value of 5 x 1017 atoms/cm 3 is the lower limit 
of detection in the SIMS (Secondary Ion Mass Spectroscopy). As the 
result of analysis of TFTs experimentally produced by the present 
inventors, when the concentration is not higher than 1 x 10" atoms 
/cm 3 (preferably 5 x 10" atoms/cm 3 or less), an influence of nickel 
upon TFT characteristics can not be ascertained. However, the 
concentration of an impurity in the present specification is defined as 
the minimum value in measurement results of the SIMS analysis. 

By the above heat treatment, a thermal oxidation reaction 
progresses at the interface between the gate insulating film 912 and 
the active layers 909, 910 and 911, so that the thickness of the gate 
insulating film 912 is increased by the thickness of a thermal 
oxidation film. When the thermal oxidation film is formed in this way, 
it is possible to obtain an interface of semiconductor/insulating film, 
which has very few interfacial levels. Moreover, there is also an effect 
to prevent inferior formation (edge thinning) of the thermal oxidation 
film at the end of the active layer. 

The gettering process of the element for facilitating 
crystallization of the amorphous silicon film may be carried out after 
the mask insulating film 903 is removed and before the active layer is 
patterned. And also, the gettering process of the element for 
facilitating crystallization of the amorphous silicon film may be 
carried out after the active layer is patterned. Besides, any gettering 
processes may be combined. 

Incidentally, the gettering process of the element for 
facilitating crystallization of the amorphous silicon film can also be 
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carried out by using P (phosphorus). The gettering process by 
phosphorus may be combined with the foregoing gettering process. 
Only the gettering process by phosphorus may be used. 

Further, it is also effective that after the heat treatment in the 
above-mentioned halogen atmosphere is carried out, a heat treatment 
approximately at 950'C for one hour is carried out in a nitrogen 
atmosphere to improve the film quality of the gate insulating film 

912. 

Incidentally, it is also ascertained by the SIMS analysis that the 
halogen element, which was used for the gettering process, having a 
concentration of 1 x 1015 to 1 x 1020 a toms/cm3 remains in the active 
layers 909, 910 and 911. Moreover, it is also ascertained by the SIMS 
analysis that at that time, the foregoing halogen element with a high 
concentration is distributed between the thermal oxidation film 
formed by the heat treatment and the active layers 909, 910 and 911. 

As the result of the SIMS analysis for other elements, it was 
ascertained that the concentration of any of C(carbon), N (nitrogen), O 
(oxygen), and S (sulfur) as typical impurities was less than 5 x 1018 
atoms/cm* (typically 1 x 1018 atoms/cm^ or less). 

The lateral growth region of the thus obtained active layer has 
a unique crystal structure made of a collective of rod-like or flattened 
rod-like crystals. The features of the unique crystal structure will be 
described later. 

Next, reference will be made to Figs. 10A to 10D. First, a not- 
shown metal film including aluminum as its main ingredient is 
formed, and originals 913, 914 and 915 of subsequent gate electrodes 
are formed by patterning. In this embodiment, an aluminum film 
including scandium of 2 wt% is used (Fig. 10A). 

Incidentally, a poly crystalline silicon film added with 
impurities may be used for the gate electrode, instead of the 
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aluminum film including scandium of 2 wt%. 

Next, by a technique disclosed in Japanese Patent Unexamined 
Publication No. Hei 7-135318 published on May 23, 1995 (filed on 
November 5, 1993), porous anodic oxidation films 916, 917 and 918, 
nonporous anodic oxidation films 919, 920 and 921, and gate 
electrodes 922, 923 and 924 are formed (Fig. 10B). The entire 
disclosure of Japanese Patent Unexamined Publication No. Hei 7- 
135318 including specification, claims, drawings and summary are 
incorporated herein by reference in its entirety. 

After the state shown in Fig. 10B is obtained in this way, the 
gate insulating film 912 is next etched by using the gate electrodes 
922, 923 and 924, and the porous anodic oxidation films 916, 917 and 
918 as masks. Then the porous anodic oxidation films 916, 917 and 
918 are removed to obtain the state shown in Fig. IOC. Incidentally, 
reference numerals 925, 926 and 927 in Fig. IOC denote gate 
insulating films after processing. 

Next, an adding step of an impurity element giving one 
conductivity is carried out. As the impurity element, P (phosphorus) 
or As (arsenic) may be used for an N-channel type, and B (boron) or 
Ga (gallium) may be used for a P-channel type. 

In this embodiment, each of adding steps of impurities for 
forming an N-channel TFT and a P-channel TFT is divided rfnttr two 
steps and is carried out. 

First, the addition of impurities for forming the N-channel TFT 
is carried out. The first impurity addition (P (phosphorus) is used in 
this embodiment) is carried out at a high acceleration voltage of about 
80 kV to form an n- region. Adjustment is made so that the 
concentration of the P ion in the n- region becomes 1 x 1018 atoms 
/cm3 to 1 x 1019 atoms/cm 3 '. 

Further, the second impurity addition is carried out at a low 
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acceleration voltage of about 10 kV to form an n+ region. Since the 
acceleration voltage is low at this time, the gate insulating film 
functions as a mask. Adjustment is made so that the sheet resistance 
of the n+ region becomes 500 Q or less (preferably 300 Q or less). 

Through the above described steps, a source region 928, a 
drain region 929, a low concentration impurity region 930, and a 
channel formation region 931 of the N-channel TFT constituting the 
CMOS circuit are formed. Moreover, a source region 932, a drain 
region 933, a low concentration impurity region 934, and a channel 
formation region 935 of the N-channel TFT constituting the pixel TFT 
are defined (Fig. 10D). 

In the state shown in Fig. 10D, the active layer of the P-channel 
TFT constituting the CMOS circuit has the same structure as the active 
layer of the N-channel TFT. 

Next, as shown in Fig. 11A, a resist mask 936 covering the N- 
channel TFTs is provided, and an impurity ion for giving a P type 
(boron is used in this embodiment) is added. 

Although this step is also divided and is carried out two times 
like the foregoing adding step of the impurity, since the N-channel 
type must be inverted into the P-channel type, the B (boron) ion with 
a concentration several times the foregoing addition concentration of 

the P ion Is added. 

In this way, a source region 937, a drain region 938, a low 
concentration impurity region 939, and a channel formation region 
940 of the P-channel TFT constituting the CMOS circuit are formed 
(Fig. 11 A). 

After the active layer is completed in the manner as described 
above, activation of the impurity ions is made by combination of 
furnace annealing, laser annealing, lamp annealing, and the like. At 
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the same time, damages of the active layers caused in the adding 
steps are repaired. 

Next, as an interlayer insulating film 941, a laminated film of a 
silicon oxide film and a silicon nitride film is formed. Next, after 
contact holes are formed in the interlayer insulating film, source 
electrodes 942, 943 and 944, and drain electrodes 945 and 946 are 
formed to obtain the state shown in Fig. 11B. An organic resin film 
may be used as the interlayer insulating film 941. 

After the state shown in Fig. 11B is obtained, a first interlayer 
insulating film 947 made of an organic resin film and having a 
thickness of 0.5 to 3 Jim is formed. Polyimide, acryl, polyimide amide, 
or the like may be used for the organic resin film. The merits of using 
the organic resin film are listed as follow: a film forming method is 
simple; a film thickness can be easily increased; parasitic capacitance 
can be reduced since its relative dielectric constant is low; and 
flatness is excellent. An organic resin film other than the above may 
be used. 

Next, a black matrix 948 made of a film having shading 
properties and having a thickness of 100 nm is formed on the first 
interlayer insulating film 947. Although a titanium film is used as the 
black matrix 948 in this embodiment, a resin film including black 
pigments," or the like may be used. 

In the case where the titanium film is used for the black 
matrix 948, part of wiring lines of a driving circuit or other peripheral 
circuit portions can be formed of titanium. The wiring lines of 
titanium can be formed at the same time as the formation of the black 
matrix 948. 

After the black matrix 948 is formed, a second interlayer 
insulating film 949 made of one of a silicon oxide film, "a silicon nitride 
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film, and an organic resin film.'or a laminated film thereof and having 
a thickness of 0.1 to 0.3 urn is formed. A contact hole is formed in the 
interlayer insulating film 947 and the interlayer insulating film 949, 
and a pixel electrode 950 with a thickness of 120 nm is formed. 
According to the structure of this embodiment, auxiliary capacitance 
is formed at a region where the black matrix 948 overlaps with the 
pixel electrode 950 (Fig. 11C). Since this embodiment relates to a 
transmission type active matrix liquid crystal display device, a 
transparent conductive film of ITO or the like is used as a conductive 
film forming the pixel electrode 950. 

Next, the entire of the substrate is heated in a hydrogen 
atmosphere at a temperature of 350'C for 1 to 2 hours to hydrogenate 
the entire of the device, so that the dangling bonds (unpaired bonds) 
in the film (especially in the active layer) are compensated. Through 
the above steps, it is possible to manufacture the CMOS circuit and the 
pixel matrix circuit on the same substrate. 

Next, with reference to Fig. 12, a step of manufacturing an 
active matrix type liquid crystal display device on the basis of the 
active matrix substrate manufactured through the above steps will be 
described. 

An oriented film 951 is formed on the active matrix substrate 
in the state of Fig. 11C. In this embodiment, polyimide is used fox the 
oriented film 951. Next, an opposite substrate is prepared. • The 
opposite substrate is constituted by a glass substrate 952, a 
transparent conductive film 953, and an oriented film 954. 

In this embodiment, such a polyimide film that liquid crystal 
molecules are oriented parallel to the substrate is used as the oriented 
film. Incidentally, after the oriented film is formed, a rubbing process 
is carried out so that the liquid crystal molecules are parallel oriented 
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with a fixed pretilt angle. 

Next, the active matrix substrate obtained through the above 
steps and the opposite substrate are bonded to each other through a 
sealing material, a spacer, and the like (not shown) by the well-known 
cell-assembly process. Thereafter, a liquid crystal material 955 is 
injected between both the substrates, and is completely sealed with a 
sealing agent (not shown). Thus, the transmission type active matrix 
liquid crystal display device as shown in Fig. 12 is completed. 

Various known liquid crystal materials such as twisted nematic 
liquid crystal,. polymer dispersion liquid crystal, ferroelectric liquid 
crystal , anti-ferroelectric liquid crystal, or. a mixture of ferroelectric 
and anti-ferroelectric liquid crystals may be used in the liquid crystal 

display of this example. 

In this embodiment, the liquid crystal panel is designed to 
make display with a TN (twisted nematic) mode. Thus, a pair of 
polarizing plates (not shown) are disposed so that the liquid crystal 
panel is held between the polarizing plates in crossed Nicols (in such a 
state that polarizing axes of the pair of polarizing plates cross each 
other at right angles). 

Thus, it is understood that in this embodiment, display is made 
in a normally white mode in which the liquid crystal display device 
becomes -in a white display state when a voltage is not applied 
thereto. 

In the liquid crystal panel of this embodiment, the active 
matrix substrate is exposed only at an end surface where an FPC is 
attached, and other three end surfaces of the active matrix substrate 
are flush with those of the opposite substrate. 

It is understood that through the above described 
manufacturing method, in the active matrix type liquid crystal display 
device of this embodiment, the driving circuit, other peripheral 
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devices, and pixels can be "integrally formed on the insulating 
substrate such as a quartz substrate or a glass substrate. 

Fig. 13 shows the active matrix type liquid crystal display 
device manufactured by the foregoing manufacturing method. Fig. 13 
shows the outer appearance of the active matrix type liquid crystal 
display device when a check pattern is displayed. 

Although the active matrix type liquid crystal display device 
shown in Fig. 13 displays a black and white check pattern, when three 
such active matrix type liquid crystal display devices are used, a full 
color projection type liquid crystal display device can be realized. 

Here, the features of the crystal structure of the lateral growth 
region of the semiconductor layer obtained through the 
manufacturing method of this embodiment will be described. 

The lateral growth region formed in accordance with the 
foregoing manufacturing method has microscopically a crystal 
structure in which a plurality of rod-like (or flattened rod-like) 
crystals are arranged in almost parallel to each other and with 
regularity to a specific direction. This can be easily ascertained by 
observation with a TEM (Transmission Electron Microscope). 

The present inventors observed the crystal grain boundaries of 
the semiconductor thin film obtained through the foregoing 
manufacturing method in detail by an HR-TEM (High Resotution 
Transmission Electron Microscope) (Fig. 14). In the present 
specification, the crystal grain boundary is defined as a grain 
boundary formed at an interface where different rod-like crystals are 
in contact with each other, unless specified otherwise. Thus, the 
crystal grin boundary is regarded as different from, for example, a 
macroscopic grain boundary formed by collision of separate lateral 
growth regions. 

The foregoing HR-TEM (High Resolution Transmission Electron 
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Microscope) is a method in which a sample is vertically irradiated 
with an electron beam and the arrangement of atoms and molecules is 
estimated by using interference of transmission electrons or 
elastically scattered electrons. By using this method, it is possible to 
observe the state of arrangement of crystal lattices as lattice stripes. 
Thus, by observing the crystal grain boundary, it is possible to infer 
the bonding state of atoms at the crystal grain boundary. 

In the TEM photograph (Fig. 14) obtained by the present 
inventors, the state where two different crystal grains (rod-like 
crystal grains) are in contact with each other at the crystal grain 
boundary is clearly observed. At this time, it is ascertained by the 
electron beam diffraction that the two crystal grains are almost in a 
{110} orientation although some deviations are included in crystal 
axes. 

In the observation of lattice stripes by the TEM photograph as 
described above, lattice stripes corresponding to a {111} plane are 
observed in the {110} plane. Incidentally, the lattice stripe 
corresponding to the {111} plane indicates such a lattice stripe that 
when crystal grain is cut along the lattice stripe, the {111} plane 
appears in the section. It is possible to simply ascertain through the 
distance between the lattice stripes to what plane the lattice stripe 
corresponds . 

At this time, the present inventors observed in detail the TEM 
photograph of the semiconductor thin film obtained through the 
foregoing manufacturing method, and as a result, very interesting 
findings were obtained. In both of the two different crystal grains 
seen in the photograph, lattice stripes corresponding to the {111} 
plane were seen. And it was observed that the lattice stripes were 
obviously parallel to each other. 

Further, irrespective of the presence of the crystal grain 
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boundary, lattice stripes of the two different crystal grains were 
connected to each other so as to cross the crystal grain boundary. That 
is, it was ascertained that almost all lattice stripes observed to cross 
the crystal grain boundary were linearly continuous in spite of the 
fact that they were lattice stripes of different crystal grains. This is 
also the case with any crystal grain boundary. 

Such a crystal structure (precisely the structure of crystal grain 
boundary) indicates that two different crystal grains are in contact 
with each other with excellent conformity in the crystal grain 
boundary. Tha.t is, crystal lattices are continuously connected to each 
other in the crystal grain boundary, so that such a structure is formed 
that trap levels caused by crystal defects or the like are not easily 
formed. In other words, it can be said that the crystal lattices are 
continuous in the crystal grain boundary. 

In Fig. 15, for reference, analysis by the electron beam 
diffraction and HR-TEM observation was carried out by the present 
inventors for a conventional polycrystalline silicon film (so-called high 
temperature polysilicon film) as well. As a result, it was found that 
lattice stripes were random in the two different crystal grains and 
there hardly existed connection continuous in the crystal grain 
boundary with excellent conformity. That is, it was found that there 
were many portions where the lattice stripes were cut In tire crystal 
grain boundary, and there were many crystal defects. 

The present inventors refer to the bonding state of atoms in 
the case where the lattice stripes correspond to each other with good 
conformity, like the semiconductor thin film produced by the method 
of the present embodiment, as "paired bond," and refer to a bond at 
that time as a "paired bond." On the contrary, the present inventors 
refer to" the bonding state of atoms in the case where the lattice 
stripes do not correspond to each other with good conformity, often 



33 



seen in a conventional polycry stalline silicon _film L as "unpaired bond," 
and refer to a bond at that time as an "unpaired bond" (or an 
"dangling bond"). 

Since the semiconductor thin film used in the present 
embodiment is extremely excellent in conformity at the crystal grain 
boundary, the foregoing unconformity bonds are very few. As a result 
of study for arbitrary plural crystal grain boundaries conducted by 
the present inventors, the existing ratio of the unconformity bonds to 
the total bonds was 10% or less (preferably 5% or less, more 
preferably 3% or less). That is, 90% or more of the total bonds 
(preferably 95% or more, more preferably 97% or more) are 
constituted by the conformity bonds. 

Fig. 16A shows a result of observation by the electron beam 
diffraction for a lateral growth region formed in accordance with the 
foregoing steps. Fig. 16B shows an electron beam diffraction pattern of 
a conventional polysilicon film (called "high temperature polysilicon 
film") observed for comparison. 

In the electron beam diffraction patterns shown in Figs. 16A 
and 16B, the diameter of an irradiation area of an electron beam is 
4.25 urn, and the information of a sufficiently wide region is collected. 
The photographs shown here show typical diffraction patterns as a 
result of investigation for arbitrary plural portions. 

In the case of Fig. 16A, diffraction spots (diffraction flecks) 
corresponding to the <110> incidence appear comparatively clearly, 
and it can be ascertained that almost all crystal grains in the 
irradiation area of the electron beam are in the {110} orientation. On 
the other hand, in the case of the conventional high temperature 
polysilicon film shown in Fig. 16B, clear regularity can not be seen in 
the diffraction spots, and it is found that grain boundaries with plane 
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orientation other than the {110} plane are irregularly ™ ixed - 

Like this, the feature of the semiconductor thin film used in the 
present invention is that this film shows the electron beam diffraction 
pattern having regularity peculiar to the {110} orientation, although 
5 this film is a semiconductor thin film having crystal grain boundaries. 
When electron beam diffraction patterns are compared, the difference 
from the conventional semiconductor thin film is clear. 

As described above, the semiconductor thin film manufactured 
through the foregoing manufacturing steps is a semiconductor thin 
10 film having a crystal structure (precisely a structure of a crystal grain 
boundary) quite different from the conventional semiconductor thin 
film. The present inventors have explained the result of analysis as to 
the semiconductor thin film used in this embodiment in Japanese 
Patent Application Nos. Hei 9-55633 filed on February 24, 1997, Hei 
9-165216 filed on June 6, 1997 and Hei 9-212428 filed on July 23, 
1997 as well. The entire disclosures of the three Japanese Patent 
Applications including specification, claims, drawings and summary, 
respectively are incorporated herein by references in their entirety. 

Since 90% or more of the crystal grain boundaries of the 
semiconductor thin film used in the present invention as described 
above are constituted by conformity bonds, they hardly have a 
function as a barrier against movement of carriers. That is, it c-an be 
said that the semiconductor thin film used in this embodiment has 
substantially no crystal grain boundary. 

In the conventional semiconductor thin film, although the 
crystal grain boundary serves as a barrier for blocking the movement 
of carriers, since such a crystal grain boundary does not substantially 
exist in the semiconductor thin film used in the present invention, a 
high carrier mobility can be realized. Thus, the electrical 
characteristics of a TFT manufactured by using the semiconductor thin 
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film used in this embodiment show very excellent values. This will be 
described below. 

[Findings as to electrical characteristics of a TFT] 
Since the semiconductor thin film used in this embodiment can 
be regarded substantially as single crystal (crystal grain boundaries 
do not exist substantially), a TFT using the semiconductor thin film as 
an active layer shows electrical characteristics comparable with a 
MOSFET using single crystal silicon. Data as shown below have been 
obtained from TFTs experimentally formed by the present inventors. 

(1) The. subthreshold coefficient as an index showing switching 
performance (promptness in switching of on/off operation) of a TFT is 
as small as 60 to 100 mV/decade (typically 60 to 85 mV/decade) for 
both an N-channel TFT and a P-channel TFT. 

(2) The field effect mobility (u-fe) as an index showing an 
operation speed of a TFT is as large as 200 to 650 cm2/Vs (typically 
250 to 300 cm2/Vs) for an N-channel TFT, and 100 to 300 cm2/Vs 
(typically 150 to 200 cm 2 /Vs) for a P-channel TFT. 

(3) The threshold voltage (V th ) as an index indicating a driving 
voltage of a TFT is as small as -0.5 to 1.5 V for an N-channel TFT and - 
1.5 to 0.5 V for a P-channel TFT. 

As described above, it has been ascertained that extremely 
superior " switching characteristics and high speed operation 
characteristics can be realized. 

Incidentally, in the formation of CGS, the foregoing annealing 
step at a temperature (700 to 1100°C) above crystallizing 
temperature plays an important role with respect to lowering of 
defects in the crystal grains. This will be described below. 

Fig. 17A is a TEM photograph of a crystal silicon film when 
steps up to the foregoing crystallization step have been ended, which 
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is magnified 250 thousand times. Zigzag defects as indicated by an 
arrow are ascertained in the crystal grains (black portion and white 
portion appear due to the difference of contrast). 

Although such defects are mainly lamination defects in which 
the order of lamination of atoms on a silicon crystal lattice plane is 
discrepant, there is also a case of dislocation. It appears that Fig. 17A 
shows a lamination defect having a defect plane parallel to the {111} 
plane. This can be ascertained from the fact that the zigzag defects are 
bent at about 70°. 

On the -other hand, as shown in Fig. 17B, in the crystal silicon 
film used in the present invention, which is enlarged at the same 
magnification, it is ascertained that defects caused by lamination 
defects, dislocations, and the like are hardly seen, and the crystallinity 
is very high. This tendency can be seen in the entire of the film 
surface, and although it is difficult to eliminate the defects in the 
present circumstances, it is possible to decrease the number to 

substantially zero. 

That is, in the crystal silicon film used in this embodiment, 
defects in the crystal grain are reduced to such an extent that the 
defects can be almost neglected, and the crystal grain boundary can 
not become a barrier against movement of carriers because of its high 
continuity, so that the film can be regarded as single crystal or 
substantially single crystal. 

Like this, in the crystal silicon films shown in the photographs 
of Figs. 17 A and 17B, although both of the crystal grain boundaries 
have almost equal continuity, there is a large difference in the 
number of defects in the crystal grains. The reason why the crystal 
silicon film shown in Fig. 17B shows electrical characteristics much 
higher than the crystal silicon film shown in Fig. 17A is mainly the 
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difference in the number of defects. 

From the above, it is understood that the gettering process of 
an element for facilitating crystallization of the amorphous silicon film 
is an indispensable step in the formation of CGS. The present 
inventors consider the following model for a phenomenon caused by 
this step. 

First, in the state shown in Fig. 17A, the element for facilitating 
crystallization of the amorphous silicon film (typically nickel) is 
segregated at the defects (mainly lamination defects) in the crystal 
grain. That is,Jt is conceivable that there are many bonds such as Si- 
Ni-Si. 

However, when Ni existing in the defects is removed by 
carrying out the gettering process of the element for facilitating 
crystallization of the amorphous silicon film, the bond of Si-Ni is cut. 
Thus, the remaining bond of silicon immediately forms Si-Si bond and 
becomes stable. In this way, the defects disappear. 

Of course, although it is known that the defects in the crystal 
silicon film disappear by thermal annealing at a high temperature, it 
is presumed that since bonds with nickel are cut and many unpaired 
bonds are produced, so that recombination of silicon is smoothly 
carried out. 

Thfe present inventors also consider a model in which the 
crystal silicon film is bonded to its under layer by a heat treatment at 
a temperature (700 to 1100°C) above the crystallizing temperature 
and adhesiveness is increased, so that the defects disappear. 

The thus obtained crystal silicon film (Fig. 17B) has the feature 
that the number of defects in the crystal grains is extremely smaller 
than the crystal silicon film (Fig. 17A) in which merely crystallization 
has been carried out. The difference in the number of defects appears 
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as the difference in spin density by the analysis of Electron Spin 
Resonance (ESR). In the present circumstances, the spin density of the 
crystal silicon film used in the present invention is at most 1 x 1CM8 
spins/cm 3 (typically, 5 x 10 17 spins/cm 3 or less). 

The crystal silicon film having the above described crystal 
structure and the features and used in the present invention is 
referred to as "Continuous Grain Silicon: CGS." 

[Embodiment 2] 

In the foregoing embodiment 1, description has been made on 
the case where the digital driving system driving circuit of the 
present invention is used for the active matrix type liquid crystal 
display device. In this case, as a display method used for the active 
matrix type liquid crystal display device, a TN mode using a nematic 
liquid crystal, a mode using electric field control birefringence, a 
mixed layer of a liquid crystal and a high polymer, a so-called 
polymer dispersion mode, and the like can also be used. 

Further, in the digital driving system driving circuit of the 
present invention, the line-sequential scanning of the pixel TFTs is 
carried out as described above, and the number of pixels corresponds 
to the future ATV (Advanced TV). Thus, if the driving circuit is used 
for an active matrix type liquid crystal display device "which rr^es a 
liquid crystal with a high response speed, that is, a so-called non- 
threshold antiferroelectric liquid crystal, more excellent 
characteristics can be shown. 

The driving circuit of the present invention can also be used 
for a liquid crystal display device using a ferroelectric liquid crystal 
which is being realized by recent researches and in which the 
orientation of the "ferroelectric liquid crystal is controlled with a 
specific oriented film and gradation display can be made like a TN 
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liquid crystal mode. 

The driving circuit of the present invention shown in the 
embodiment 1 or 2 may be used as a driving circuit of a display 
device including any other display medium in which its optical 
characteristics can be modulated in response to an applied voltage. 
For example, the driving circuit may be used as a driving circuit of a 
display device using an electroluminescence element or the like. 

The driving circuit of the present invention typically shown in 
the embodiment 1 or 2 may be used as a driving circuit of a 
semiconductor device such as an image sensor. In this case, the 
driving circuit can also be applied to such an image sensor that a light 
receiving portion of the image sensor and a picture display portion for 
displaying a picture converted into electric signals at the light 
receiving portion are integrally formed. The image sensor to which 
the present invention is applied may be a line sensor or an area 
sensor. 

[Embodiment 3] 

In the embodiments 1 and 2, although a transmission type 
active matrix liquid crystal display device has been described, it is 
needless to say that the driving circuit of the present invention can 
also be used for a reflection type active matrix liquid crystal drsplay 
device. 

[Embodiment 4] 

The driving circuit of the embodiment 1, and the active matrix 
type semiconductor display device (embodiments 2 and 3) using the 
driving circuit have various applications. In this embodiment, 
semiconductor devices each including such a semiconductor display 
device will be described. 
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As such semiconductor devices, a video camera, a still camera, 
a projector, a head mount display, a car navigation system, a personal 
computer, a portable information terminal (mobile computer, portable 
phone, etc.) and the like are enumerated. Examples of those will be 
shown in Figs. 18A to 18F. 

Fig. 18A shows a portable telephone which is constituted by a 
main body 1801, an audio output portion 1802, an audio input portion 
1803, a semiconductor display device 1804, an operation switch 1805, 
and an antenna 1806. 

Fig. 18B shows a video camera which is constituted by a main 
body 1901, a semiconductor display device 1902, an audio input 
portion 1903, an operation switch 1904, a battery 1905, and an image 
receiving portion 1906. 

Fig. 18C shows a mobile computer which is constituted by a 
main body 2001, a camera portion 2002, an image receiving portion 
2003, an operation switch 2004, and a semiconductor display device 
2005. 

Fig. 18D shows a head mount display which is constituted by a 
main body 2101, a semiconductor display device 2102, and a band 
portion 2103. 

Fig. 18E shows a rear type projector which is constituted by a 
main body 2201, a light source 2202, a semiconductor display device 
2203, a polarizing beam splitter 2204, reflectors 2205 and 2206, and 
a screen 2207. Incidentally, in the rear type projector, it is preferable 
that an angle of the screen can be changed, while fixing the main 
body, according to the position where a viewer sees the screen. When 
three such semiconductor display devices 2203 (each being made to 
correspond to light of R, G, and B) are used, it is possible to realize a 
rear type projector with higher resolution/higher fineness. 

Fig. 18F shows a front type projector which is constituted by a 
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majn body 2301, a light source 2302, a semiconductor display device 
2303, an optical system 2304, and a screen 2305. When three such 
semiconductor display devices 2303 (each being made to correspond 
to light of R, G, and B) are used, it is possible to realize a front type 
projector with higher resolution/higher fineness. 

As described above, according to the present invention, in a 
driving circuit of a semiconductor display device, the fluctuation of its 
characteristics can be reduced while securing the current capacity of a 
buffer circuit. Thus, the semiconductor display device without display 
blur (display ujievenness) and with high fineness/high resolution can 
be realized. 
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